of a fat-soluble nucleus, having either a steroid or triterpenoid structure, with one or more side chains of water-soluble carbohydrates [2] . Unlike the triterpenoid saponins, steroid saponins of Y. schidigera (yucca) powder have proven beneficial to livestock and poultry producers [3, 4] .
Most commercial production of Y. schidigera currently takes place in Mexico. the trunk of the plant is mechanically macerated and either dried and ground to produce 100% yucca powder, or the macerated material is subjected to mechanical squeezing in a press to produce yucca juice or extract. Yucca is currently used as a dietary additive for livestock primarily for Nh 3 [2, 4, 5] and odor [6, 7] control. although the mode of action is not certain, the effects of yucca on reducing aerial Nh 3 levels in livestock buildings are probably not due to the saponin components [8] . these authors could not conclusively identify the active Nh 3 -reducing constituent. there are propositions that carbohydrates [8] and stilbenes (trans-tetrahydroxy-methoxystilbene) [9] may be involved, and the yucca bark is rich in stilbenes [10] .
Yucca has been reported to reduce Nh 3 concentration in poultry barns [11, 12] and to improve egg production [11] . however, others have reported no effect on production parameters of laying hens [13] , laying quail [14] , or on turkey poults [15] . poultry feed has been supplemented with different levels of yucca powder in different studies to examine their effect on various parameters. although most of the studies were focused on the effect of yucca on aerial Nh 3 concentration, which is subject to the influence of air exchange or ventilation rate (VR), this study was focused on the effect on Nh 3 emission rate (ER), which combines the effects of both concentration and VR. Sectors of the US egg industry have adopted 100 ppm of yucca powder as the recommended level of dietary supplementation to reduce Nh 3 levels in pullet or laying-hen barns. hence, the objectives of this study were to determine the effect of the recommended yucca dosage (100 ppm) vs. higher or lower dosages (0, 50, and 200 ppm of yucca) in the laying-hen diet on 1) production performance of the hens and 2) Nh 3 eR from the laying-hen manure. Yucca powder with a >9% saponin content was used.
MATERIALS AND METHODS
the use and handling of the laying hens in this experiment were approved by the Iowa State University Institutional animal Care and Use Committee before the experiment commenced.
Experimental Facility
livestock environment and animal physiology laboratory I of Iowa State University was used in the study. a 2.21 × 2.26 × 2.41 m (width, length, height) environmentally controlled room was used to rear the laying hens. the birds were kept in 24 metabolic cages, each measuring 0.34 × 0.51 × 0.35 m (width, length, height). One water trough and one feed trough were provided for each cage. the feeders were placed such that cross-feeding between neighboring cages was not possible. Similarly, the cages were partitioned with a solid sheet-metal plate to avoid cross-deposition of manure. Manure trays were provided underneath each cage and were lined with plastic film for easy manure removal. air temperature, Rh, and VR of the room were controlled to maintain an indoor environment of 24 ± 1°C and 45 to 65% Rh [16] .
Dietary Regimens
the dietary regimens involved a standard laying-hen diet supplemented with different dosages of yucca powder, namely, 0, 50, 100 (positive control), and 200 ppm. the 100-ppm level was considered the positive control because it was the industry-recommended level. a single batch of basal diet was prepared and divided among the regimens, which ensured that the feed was consistently the same throughout the experiment. the basal diet was formulated and mixed at the Iowa State University poultry Research Farm feed mill plant.
Laying Hens
a total of 72 hy-line W36 laying hens [17] at 25 wk of age were procured from a commercial laying-hen farm in Iowa. Upon arrival at the laboratory, the hens were randomly divided into 4 groups of 18 hens each. each group was randomly assigned a dietary regimen. each group was further divided into subgroups of 3 hens, resulting in 6 subgroups or replicates per treatment. the subgroups were then randomly placed in the cages at a stocking density of 581 cm 2 (90 in 2 ) per hen. the experiment lasted 12 wk, with the first week being the acclimation period, when all the birds were fed the 0-ppm diet. at the beginning of the second week, the respective diets were fed to the hens as earlier assigned until the end of the experiment. Water and feed were provided ad libitum, and the lighting program was 16l:8D for the entire experiment. Manure was removed once a week until the 10th week, after which it was handled differently for Nh 3 emission measurements, as described below. the welfare of the hens was monitored throughout.
On a daily basis, the eggs were collected, counted and weighed. the feed supplied to the birds was also weighed daily. Once a week, 9 hens per treatment were weighed. these data were used to determine production performance of the hens, including feed intake (FI), egg production (hen-day egg production and mass output), and Fe. the FI was determined as the difference in mass between the feed given to the hens and that left over after a particular period. Feed efficiency was calculated as the ratio of the mass of feed consumed to the mass of eggs produced over the same time period.
Manure Handling for NH 3 ER Measurement
the manure produced during wk 11 and 12 was used in comparative Nh 3 emission measurements. During this period, the hens had been well conditioned to the dietary regimens. at the beginning of wk 11, all the manure was removed. Manure was then allowed to accumulate for 3 d. at end of the third day, 2 manure pans per regimen were randomly selected and their manure was separately collected into Ziploc bags [18] and transported to another laboratory (approximately 5 km away on campus), where Nh 3 emissions from the manure samples were measured continuously for 3 d using a Gaseous emission Vessels System [19, 20] , as illustrated in Figure 1 . Further manure handling is described in the following section. at the same time the samples were taken the first time, another pair of manure pans per regimen were randomly selected and manure was removed in preparation for manure accumulation to be used in the second Nh 3 emission measurement session. the remaining pair of manure pans in the regimen were similarly scheduled for the third session. thus, for each of the 3 measurement sessions, there were 8 manure samples (i.e., 2 manure samples or replicates per regimen × 4 regimens).
Placement of Manure Samples in the Emission Vessels
Upon arrival at the emissions measurement laboratory, the manure samples were placed in individual plastic containers and thoroughly mixed with an electric handheld mechanical mixer. a sample of 500 g from each container was placed in small plastic buckets (16.5 cm in diameter and 19.0 cm in height) and leveled by hand to obtain a uniform surface area in all the buckets. the small buckets were then randomly placed in each of the 8 vessels and their lids were tightly closed. the vessels were then placed into the measurement system, followed by the emissions monitoring. a thorough check for leaks on the vessels and air lines was performed. another manure sample from each mixing container was separately placed in Ziploc bags [18] and stored in the freezer for analysis of physical and chemical properties. Measurements of Nh 3 concentration and emissions were made continuously for 3 d, after which a new session was begun following the same procedures described above.
after completion of the 3 measurement sessions, all the stored manure samples were thawed at room temperature overnight. Manure samples belonging to the same dietary regimen were thoroughly mixed together and a composite sample was taken. the manure samples were then sent to a certified commercial manure test- 
Experimental Design and Statistical Analysis
For measurement of production performance, the experiment was a completely randomized design. analysis of variance was conducted on the data using the GlM procedure of SaS software [24] to determine treatment effects on the various production performance variables. the production performance data were summarized into daily averages per hen before being analyzed. For Nh 3 eR, the experiment may be described in 2 parts: 1) a com- pletely randomized block design, in which the 3 measurement sessions were the blocks and the cages within each session (that were randomly assigned the dietary regimens) were the experimental units, and 2) repeated measures undertaken on manure from each cage over a 3-d period. the same SaS procedure was used to determine treatment effects on Nh 3 eR. the Nh 3 eR data were summarized into daily totals before being analyzed.
RESULTS AND DISCUSSION

Production Performance
the data collected during the first week were excluded from the analysis because the hens were still acclimatizing to their new environment. No mortality was recorded in the entire experiment. the results of the production performance of the hens are shown in table 1. No significant differences (P = 0.3463 to 0.9146) were observed among the regimens in all the production performance variables. Kutlu et al. [13] reported that yucca powder with a 10.76% saponin content at dosages of 0, 30, 60, and 120 ppm did not affect FI, egg production, Fe, BW gain, or egg quality parameters of White hyline laying hens reared over an 8-wk period (28 to 36 wk of age). Similar results had been reported in laying quails fed dosages of 0, 100, and 200 ppm of yucca powder [14] and in turkey poults [15] . the addition of 31 to 155 ppm of yucca extract containing 40% steroid saponins increased egg production and 465 ppm of extract decreased egg production in laying hens [11] . Further, the 31-to 155-ppm dosage had little effect on Fe and mortality. positive effects on growth rate and Fe had been reported when yucca was included at a dosage of 60 or 120 ppm in the broiler diet [25] .
Only the regimen × bird age interaction for the FI variable was significant (P = 0.05435). the aDFI per hen was approximately 100 g, which agrees with the literature value of 100 g/ hen per day [26] . however, it was lower at 35 and 36 wk of age, ranging from 92.2 to 97.5 g/ hen per day across all treatments. During this period, slightly warmer temperatures were experienced, which may have caused the decline in FI when compared with the other time periods. the P-values for the regimen × bird age interactions for other production variables ranged from 0.3739 to 0.7916. Figure 2 shows typical dynamic Nh 3 emission profiles of the laying-hen manure over a 3-d measurement period for each of the 4 regimens. It was observed that the Nh 3 eR generally increased with storage time, especially in the first 2 d. this may be due to a higher microbial degradation rate because the nutrients were abundant during this period when manure was relatively fresh [27] . the trend was expected to diminish with time because of exhaustion of the nutrients by the microbes. Variations existed in Nh 3 eR between replications, and these may have been caused by the differences in manure MC as manure moisture evaporated to varying degrees during the 3-d accumulation or collection period. Furthermore, some Nh 3 may have volatilized during the manure collection period.
NH 3 ER
No significant differences (P = 0.4863) were observed among the 3 measurement sessions conducted. as such, the data from all the sessions were pooled for each regimen. Compared per day) ; hD = hen-day egg production (%); M egg = mass of eggs produced (g of egg/hen per day); Fe (g of feed consumed/g of egg produced); BW (kg/hen). Values are means ± SeM. among themselves, the 0-, 50-, and 200-ppm regimen means (nonrecommended dosages) were not significantly different (P = 0.3973). Subsequently, the means for these regimens were averaged by day for comparison with the 100-ppm regimen. these data are presented in table 2.
When the regimen means were compared on a daily basis, the mean Nh 3 eR for the 100-ppm dosage was significantly lower (P < 0.05) than that of the other dosages on the first and second days of manure storage (280 vs. 500 and 390 vs. 544 mg/d per kilogram of manure, respectively). the means were not significantly different on the third day (P = 0.7609) of manure storage. therefore, yucca powder (100-ppm dosage) was effective in suppressing Nh 3 emission during the first and second days of manure storage. thus, to make use of the Nh 3 -emission mitigation effect by the yucca powder (100-ppm dosage) in laying-hen barns (e.g., manure-belt houses), frequent manure removal (every 1 to 2 d) is desirable. For manure-belt laying-hen houses in the United States, manure is commonly removed once every 1 to 3 d to reduce Nh 3 levels in the laying-hen barns and protect Means within a column with the same superscript letters are not significantly different (α = 0.05). 1 Rec. rate = recommended yucca inclusion rate; nonrec. rate = nonrecommended yucca inclusion rate. 2 Mean difference = recommended rate mean − nonrecommended rate mean (mean ± Se of the difference). the manure belt from damage by the excessive weight of accumulated manure. During the first, second, and third days, the 100-ppm treatment had 220 mg/d per kilogram of manure (44%), 154 mg/d per kilogram of manure (28%), and 72 mg/d per kilogram of manure (14%) lower Nh 3 eR, respectively, with a cumulative 3-d reduction of 30%, when compared with the average Nh 3 eR for the 0-, 50-, and 200-ppm regimens. a regression analysis was conducted on the data in table 2, and the results are shown in Figure 3 . although yucca at a dosage of 100 ppm significantly reduced Nh 3 emission in the first and second days of manure storage, the manure thereafter tended to release Nh 3 at a much faster rate, as shown by the greater slope of the 100-ppm regimen when compared with that of the averaged 0-, 50-, and 200-ppm regimens (80 vs. 6.7, respectively). thus, the question of how the feed additive would affect Nh 3 emissions during long-term manure storage (e.g., 6 mo) typical of commercial operation remains to be addressed. Data from the current study are not adequate to answer such a question.
Manure properties for the different diet regimens are shown in table 3. Compared with the 0-, 50-, and 200-ppm regimens, the manure of the 100-ppm regimen had most of its N existing in the organic form (10.2 ± 0.9 g/kg), which was conducive to lower Nh 3 emission. Under anaerobic conditions, organic nitrogenous materials would ferment and release Nh 3 , Ch 4 , CO 2 , h 2 S, and volatile fatty acids [28] . the ammonium N (Nh 4 -N) is the dominant inorganic or mineral form of N in poultry manure over nitrate N (NO 3 -N) and nitrite N (NO 2 -N) [29] . the Nh 4 -N would release Nh 3 gas through the aerobic and anaerobic microbial transformation processes [30] .
Manure of the 100-ppm regimen had lower MC (65.8 ± 4.7%) than that of the other treatments. the MC affects microbial activity, and thus Nh 3 volatilization [31] , and Nh 3 generation from stored manure decreases when MC falls below 30% [32] . Moisture is required for both dissolution of solid urea forms and subsequent urea hydrolysis, and these processes must occur before Nh 3 volatilization [30] . the ph of manure in all the regimens was above 7.0 (neutral ph), which was favorable for aerobic N decomposition and Nh 3 release. ammonium (Nh 4 + ) is the predominant form of N under acidic and neutral conditions, whereas Nh 3 gas is the predominant form at higher ph levels [33] . the higher MC in the 0-, 50-, and 200-ppm treatments coupled with above-neutral ph may have contributed to higher Nh 3 eR in these regimens when compared with the 100-ppm regimen.
CONCLUSIONS AND APPLICATIONS
1. Yucca schidigera powder in the layinghen diet at a dosage of 50, 100, or 200 ppm did not affect the production performance of laying hens when compared with the 0-ppm dosage. 2. Measured with an Nh 3 emission vessels system, hen manure from the 100-ppm yucca dosage treatment emitted significantly (P < 0.05) lower Nh 3 in the first day (44% lower) and second day (28% lower) of manure storage when compared with the other yucca inclusion levels. On the third day, Nh 3 emission was 14% lower but was not significantly different from the other treatments. adding 50 or 200 ppm of yucca in the diet did not reduce Nh 3 emission. 3. Field verification studies are warranted, considering the promising results with the 100-ppm dosage and the observation that after 3 d of manure storage, Nh 3 emission increased at a faster rate for the 100-ppm dosage than for the other dosages. the field studies need to quantify the impact of the 100-ppm inclusion rate on cumulative Nh 3 emissions over an extended (e.g., 3 to 6 mo) manure storage period. of 8 emission vessels. the vessels were placed in an environmentally controlled room with a constant temperature of 21°C at livestock environment and animal physiology laboratory II of Iowa State University. the vessels were made of 19-l (5-gal) plastic containers. to prevent potential interference of the vessel material with Nh 3 emission measurement, each vessel was lined with teflon Fep 100 film (200a, Dupont teflon Films, Wilmington, De). the air inlet and outlet were located in the airtight lid. teflon tubing (1/4 in. diameter) and manifold, along with polyvinyl chloride compression fittings, were used in constructing the emission vessel system. the vessels were operated under positive pressure. a diaphragm pump (Model DOa-p104-aa, Gast Manufacturing Inc., Benton harbor, MI) was used to supply fresh air to the emission vessels. Flow rate of the fresh supply air was controlled and measured with an air mass flow controller [0 to 30 l/min (lpM), stainless steel wetted part, aalborg Instruments and Control Inc., Orangeburg, NY]. the supply air was connected to a distribution manifold in which air was further divided via 8 identical flow meters (0.2 to 4 lpM, stainless steel valve, VFB-65-SSV, Dwyer Instruments Inc., Michigan City, IN). a flow rate of 3 lpM was introduced into each vessel, resulting in an air exchange of 11 air changes/h. each vessel was equipped with a small stirring fan (12VDC, Radio Shack, Fort Worth, tX) located 6 cm below the lid for uniform mixing of the headspace. exhaust air of the vessels was connected to a common 5-cm polyvinyl chloride pipe that was routed to the building vent outlet. Samples of the exhaust air from each of the 8 vessels, the supply air, and the room air were sequentially taken at 6-min intervals, with the first 4 min used for stabilization and the last 2 min for measurement. this yielded a measurement cycle of 1 h for each vessel. the sequential sampling was achieved by controlled operation of 8 solenoid valves (type 6014, 24 V, stainless steel valve body, Burket Contromatic USa, Irvine, Ca). a teflon filter was placed in front of each solenoid valve. an advanced photoacoustic multigas analyzer (Model 1314, Innova, Ballerup, Denmark) was used to measure the Nh 3 concentrations. the digital signal from the Innova analyzer was converted into an analog signal by the Nh 3 analog module (Model J1210hW type 4X, California analytical Instruments Inc., Orange, Ca), which was in turn connected to the measurement and control module (Model CR10, Campbell Scientific Inc., logan, Ut) that logged the data.
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